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SUMMARY 
A t e s t  program was conducted a t  the Langley aircraft  landing loads and 
t r a c t i o n  f a c i l i t y  t o  e v a l u a t e  f r i c t i o n  p e r f o r m a n c e  a n d  wear c h a r a c t e r i s t i c s  
On Wet runways  of three 30 x 11.5-14.5, type  V I I I ,  a ircraft  t ires having two 
d i f f e r e n t  tread p a t t e r n s  and na tu ra l   rubbe r   con ten t s .  A l l  t h r e e  test  tires 
had the  s t anda rd  th ree  c i r cumfe ren t i a l  g roove  tread, but  two o f  t h e  tires had 
molded t ransverse  grooves  which  extended  f rom  shoulder   to   shoulder .  The tread 
rubbe r  con ten t  o f  t he  two tires wi th  t ransverse  grooves  differed i n  t h a t  o n e  
had a 100-percent  na tura l  rubber  tread and t h e  o t h e r  had a rubber  tread compo- 
s i t i o n  t h a t  was 30 pe rcen t  syn the t i c  and  70 pe rcen t  na tu ra l .  The t h i r d  test  
t i r e  (wi thout  t ransverse  grooves)  had the  convent iona l  100-percent  na tura l  
rubber  tread. 
R e s u l t s  o f  t h i s  i n v e s t i g a t i o n  i n d i c a t e  t h a t  t h e  d i f f e r e n c e s  i n  t i r e  tread 
design and rubber composition do n o t  s i g n i f i c a n t l y  affect  braking and cornering 
f r i c t i o n  c a p a b i l i t y  on wet o r  dry surfaces .  Braking performance of  the three 
tires decreases wi th  increased  speed ,  w i t h  i nc reased  yaw angle  and ,  a t  higher 
speeds,  w i t h  increased  wetness  of  the  sur face .  Tread-wear data based on  number 
of  brake cyc les  sugges ted  tha t  t h e  t i r e  wi th  a b l end  o f  syn the t i c  and  na tu ra l  
r u b b e r  e x p e r i e n c e s  s i g n i f i c a n t l y  less wear t h a n  t h e  o t h e r  two tes t  tires. The 
unyawed braking tes t  runs  showed t h a t  t h e  tires wi th  t r ansve r se  tread grooves 
experience less wear than the convent ional  t i r e  wi thou t  t r ansve r se  tread 
grooves.  
INTRODUCTION 
I n  r e c e n t  y e a r s ,  t h e  a i rcraf t  t i r e  has been t h e  sub jec t  o f  cons ide rab le  
research  aimed a t  improving tread wear l i f e  and  t rac t ion  under  adverse  weather  
condi t ions .  As p o i n t e d   o u t   i n   r e f e r e n c e s  1 and 2 ,  t i r e  replacement   accounts  
f o r  a h igh  pe rcen tage  o f  t he  ove ra l l  l and ing  gear ma in tenance  cos t s  o f  cu r ren t  
j e t  a i r p l a n e s .  Aircraft t i r e  manufacturers   have  been  t rying  to   develop tread 
rubber  compounds which resist c u t t i n g  and t o  improve wear l i f e  wi thout  compro- 
mis ing   des ign   s t rength  o r  t r a c t i o n   c a p a b i l i t y .   C o r r e s p o n d i n g l y ,   s t u d i e s  
(refs. 3 t o  6 ,  for example) have shown t h a t  a i rcraf t  braking and cornering capa- 
b i l i t y  are reduced during wet-runway opera t ions  because  of  t i r e  dynamic hydro- 
p lan ing  effects,  and attempts have been made t o  e l i m i n a t e  o r  d e l a y  h y d r o p l a n i n g  
by p rov id ing  improved  e scape  rou te s  fo r  t he  water i n  t h e  t i r e  foo tp r in t .  Bo th  
of these problems are being addressed i n  a United States Air Force (USAF) pro- 
gram directed toward increasing the wet f r i c t i o n  and lifetime o f  tires designed 
f o r  high performance aircraft. 
Th i s  pape r  p re sen t s  t he  r e su l t s  o f  an  inves t iga t ion  conduc ted  a t  t h e  
Langley a i rcraf t  l and ing  loads  and t r a c t i o n  f a c i l i t y ,  a t  t h e  r e q u e s t  o f  t h e  
USAF, to  de t e rmine  wet-runway behavior  of high performance aircraft  t ires hav- 
i n g  two d i f f e r e n t  tread p a t t e r n s  a n d  d i f f e r e n t  n a t u r a l  r u b b e r  c o n t e n t s .  T h r e e  
30 x 11.5-14.5, t ype  VIII, 24-ply-rating tires supp l i ed  by t h e  USAF were tested 
t o  d e f i n e  their  b rak ing  and  co rne r ing  f r i c t ion  characteristics. These charac- 
teristics included t h e  d r a g - f o r c e  a n d  c o r n e r i n g - f o r c e  f r i c t i o n  c o e f f i c i e n t s  
ob ta ined  fo r  the  tires ope ra t ing  on dry ,  damp, and  f looded  sur faces  over  a 
range of yaw angles  f rom Oo t o  12O a t  nominal ground speeds from 5 t o  100 kno t s  
(1  knot  = 0.5144 m/sec). The o b j e c t i v e  o f  t he  tests was t o  compare  on the 
basis o f  these f r i c t i o n  characteristics a t i r e  wi th  convent iona l  tread (labeled 
t i r e  C i n  t h i s  s tudy)  w i t h  ( 1 )  a t i r e  having a modified tread p a t t e r n  t o  p r o -  
mote water d r a i n a g e  i n  t h e  t i r e  f o o t p r i n t  ( t i r e  A i n  t h i s  s tudy)  and (2)  a 
t h i r d  t i r e  ( t i r e  B i n  t h i s  s t u d y )  which l i k e  t i r e  A had molded t r a n s v e r s e  
grooves and wherein a percentage of  t he  n a t u r a l  r u b b e r  i n  t he  tread had been 
replaced by syn the t i c  rubbe r  to  r educe  tread wear. 
SYMBOLS 
Values are g i v e n  i n  b o t h  SI and U.S. Customary  Units.  Measurements  and 
c a l c u l a t i o n s  were made i n  U.S. Customary Units .  Factors  re la t ing t h e  two sys-  
tems are p r e s e n t e d  i n  r e f e r e n c e  7 .  
Pd , max 
Pd, s k i d  
Ps , max 
Maximum drag f o r c e  
Vertical f o r c e  
maximum d r a g - f o r c e  f r i c t i o n  c o e f f i c i e n t ,  
Skid  drag f o r c e  
Vertical f o r c e  
s k i d d i n g  d r a g - f o r c e  f r i c t i o n  c o e f f i c i e n t ,  " 
maximum c o r n e r i n g - f o r c e  f r i c t i o n  c o e f f i c i e n t ,  p e r p e n d i c u l a r  t o  
Corner ing  force  
Vertical f o r c e  
d i r ec t ion  o f  mot ion ,  
APPARATUS AND TEST PROCEDURE 
Tires 
The tires u s e d  i n  t h i s  i n v e s t i g a t i o n  were 30 x 11 .5-14.5,  24-ply-rating, 
t ype  VIII, aircraft t i r e s  which are the  same kind as those used on a c u r r e n t  
high performance jet fighter. Photographs  of the  three test tires ( A ,  B, and C )  
are p r e s e n t e d  i n  f i g u r e  1 .  A l l  three tires had the  s tandard  three circumferen- 
t i a l  groove tread c u r r e n t l y  i n  t he  USAF inven to ry ,  bu t  t i r e s  A and B had molded 
t ransverse  grooves  which extended from shoulder t o  s h o u l d e r  similar t o  a " ra in  
tire" tread des ign  eva lua ted  and  d iscussed  in  re ference  8. The comparable t i r e  
o f  r e fe rence  8 had a convent ional  tread which had been modified by hand w i t h  
t r ansve r se  cu t s .  The tread rubber  conten t  of  tires A and B d i f fe red ,  however, 
i n  that  t i r e  A had a 100-percent  natural  rubber  tread; whereas t i r e  B had a 
tread composi t ion of  30-percent  synthet ic  and 70-percent  natural  
Tire C had t h e  convent ional  100-percent  natural  rubber  tread and 
grooves. A l l  tires were tested a t  a n  i n f l a t i o n  p r e s s u r e  o f  1827 
and t h e  ver t ical  load ranged from 57.8 kN (13 000 l b )  t o  66.7 kN 
rubber .  
no t r a n s v e r s e  
kPa (265 p s i ) ,  
(15 000 l b ) .  
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Test  Facility 
The  investigation,  conducted  at  the  Langley  aircraft  landing  loads  and 
traction  facility  described in reference 9, utilized  the  main  test  carriage 
pictured in  figure 2. The  aircraft  test  tire,  wheel,  and  brake  assembly  were 
mounted as shown in  figure 3 on  an  instrumented  dynamometer  which  measured  the 
various  axle  loadings.  Figure 4 illustrates  the  dynamometer  instrumentation 
which  consisted, in part, of load  beams  to  measure  vertical,  drag,  and  side 
forces,  and  links  to  measure  brake  torque,  all  at  the  wheel  qxle.  Additional 
instrumentation  was  provided  to  measure  brake  pressure,  wheel  angular  velocity, 
and  carriage  horizontal  displacement  and  velocity.  Continuous  time  histories 
of the  output of the  instrumentation  during  a  run  were  obtained  by  tape 
recorders  mounted  on  the  test  carriage. 
Test  Surfaces 
Three  approximately  equal  segments  of  a  183-m  (600-ft)  section  of  the  con- 
crete  test  runway  were  maintained  in dry,  damp, and  flooded  conditions. For 
the  damp  condition,  the  surface  was  wetted  to  a  depth  of  less  than 0.03 cm 
(0.01 in.);  the  water  depth  for  the  flooded  surface  ranged  from 0.5 to 0.8 cm 
(0.2 to 0.3 in.). Photographs  of  the  overall  test  runway  and  the  three  sur- 
faces  are  presented  in  figure 5. Texture  depth  values  which  provide an indica- 
tion  of  potential  surface  frictional  characteristics  were  measured  by  the 
grease  sample  technique  described  in  reference 5. Results  from  these  measure- 
ments  indicated  that  the  dry  concrete  test  surface  had  an  average  texture  depth 
of 91 l.Im (0.0036 in.);  the  damp  concrete  section, 114 pm (0.0045 in.);  and  the 
flooded  test  section, 145 pm (0.0057 in.). The  damp  and  flooded  runway  sec- 
tions  of  this  investigation  are  the  same  sections  used  in  the  tire  program 
described  in  reference IO. That  investigation  used  conventional  tires  of  the 
size  similar  to  the  tires  tested  in  this  investigation. 
Test  Procedure 
For most  test  runs  the  carriage  was  propelled  to  the  desired  ground speed, 
the  drop  test  fixture  was  released  to  apply  the  preselected  vertical  load  on 
the  tire,  and  the  tire  was  subjected  to  controlled  brake  cycles  on  three  sur- 
faces:  first,  on  the  dry  surface;  subsequently,  on  the  damp  and  flooded  sur- 
faces.  The  procedure  was  the  same  during  other  runs  except  that  the  brake 
cycles  were  limited  to  the  wetted  surfaces  only. A brake  cycle  consisted of 
actuating  the  brake-pressure  solenoid  valve  at  predetermined  locations  along 
the  track  (thus,  braking  the  tire  from  a  free-rolling  condition  to  a  locked- 
wheel  skid)  and  then  releasing  the  brake  pressure  to  allow  tire  spin-up  prior 
to  the  next  cycle.  Nominal  carriage  speeds for  these  tests  were 5 knots 
(obtained  by  towing  the  carriage  with  a  ground  vehicle)  and 25,  50, 75, and 
100 knots (obtained  by  propelling  the  carriage  with  the  water  jet).  Evaluation 
of combined  tire  braking  and  cornering  traction  was  achieved  by  rotating  and 
locking  in  place  prior  to  each  run  the  entire  test  fixture  dynamometer  to yaw 
angles  of Oo to 12O in 4O increments. No combined  braking  and  cornering  test 
was undertaken  on  the  dry  pavement  because of the  extensive  wear  associated 
with  braking  a  yawed  tire  on  a  high-friction  surface. The  instrumentation 
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measurements were recorded on tape and provided a complete time h i s t o r y  of t h e  
test t i re  behavior  dur ing  t h e  course of a run. 
RESULTS AND DISCUSSION 
Tire- to-ground forces  in  the v e r t i c a l ,  d r a g ,  a n d  side d i r ec t ions  and  wheel 
a n g u l a r  v e l o c i t y  were recorded throughout each test and were used t o  compute 
time h i s t o r i e s  o f  t he  d r a g - f o r c e  f r i c t i o n  c o e f f i c i e n t  parallel  t o  t he  d i r e c t i o n  
of  motion  and the  maximum (unbraked)  co rne r ing - fo rce  f r i c t ion  coe f f i c i en t  per- 
p e n d i c u l a r  t o  t he  d i r e c t i o n  o f  m o t i o n .  
For each tes t  cond i t ion ,  the  maximum c o r n e r i n g - f o r c e  f r i c t i o n  c o e f f i c i e n t  
pStmax  measured  just   before   braking was i n i t i a t e d ,  t he  maximum drag-force 
f r l c t i o n   c o e f f i c i e n t   p d  max encountered  during wheel spin-down,  and t h e  
s k i d d i n g   d r a g - f o r c e   f r i c t i o n   c o e f f i c i e n t  I.'d,skid measured a t  t h e  i n s t a n t   o f  
wheel lockup were determined from faired curves  of  t h e  time h i s t o r y  data. 
These data f o r  t he  three test  t i r e s  are p r e s e n t e d  i n  table  I. The fo l lowing  
Sec t ions   d i scuss  the  Var i a t ions  O f  pd,max,  pd,Skid,  and ps,max f o r  t he  
three test tires w i t h  r e spec t  t o  bo th  g round  speed and yaw angle  and conclude 
w i t h  comments r e l a t i v e  t o  the  wear characteristics o f  t he  d i f f e r e n t  tires. 
Effect of  Ground Speed on F r i c t i o n  Characteristics 
The effect  of ground speed on the  selected tire braking and cornering char- 
acteristics developed during operat ions on dry,  damp, and  f looded  sur faces  is 
shown i n  figure 6 f o r  each test t i r e  a t  yaw ang les  o f  Oo, 4O, 80 ,  and 120. The 
data f o r  a l l  three test tires are faired by a s i n g l e  c u r v e  f o r  each sur face  and  
yaw a n g l e  c o n d i t i o n ;  i n  g e n e r a l ,  these f a i r i n g s  describe the  c o e f f i c i e n t s  f o r  
a l l  tires. Thus, it would appear  t h a t  there is  n o  s i g n i f i c a n t  effect  on brak- 
i n g  a n d  c o r n e r i n g  f r i c t i o n ,  wet or d r y ,  a t t r i b u t e d  t o  d i f f e r e n c e s  i n  t h e  tread 
design and rubber   composi t ion  of  t he  tires e v a l u a t e d  i n  t h i s  program. The data 
of f i g u r e  6 agree well wi th  r e s u l t s  from tests on similar tires i n  ear l ie r  pro- 
grams. (See refs. 8 and 10.) 
Maximum d r a g - f o r c e  f r i c t i o n  c o e f f i c i e n t . -  The data o f  f i g u r e  6 i n d i c a t e  
t h a t  t h e  va lues   o f  maximum d r a g - f o r c e   f r i c t i o n   c o e f f i c i e n t  pd,max decrease 
w i t h  increasing  ground  speed.  The decrease is observed  under a l l  runway sur -  
face cond i t ions  a l though  it  is much less pronounced on t h e  dry than on t h e  two 
wetted su r faces .  T h i s  decrease co r robora t e s  t he  t r ends   obse rved   i n  refer- 
ences 3 t o  6 f o r  aircraft  tires i n  g e n e r a l  a n d  i n  r e f e r e n c e s  8 and 10 f o r  tires 
of the same s i z e  as tires used  in  t h i s  s tudy .  The f i g u r e  a l s o  shows t h a t  
pd,maX i n  t h e  unyawed cond i t ion  i s  e s s e n t i a l l y  t h e  same on a l l  three s u r f a c e s  
a t  very low speeds. The magnitude agrees well w i t h  t h e  p r e d i c t i o n  (0.64)  from 
t h e  empirical express ion  developed  in  re ference  1 1  f o r  maximum f r i c t i o n  u n d e r  
nea r ly  s ta t ic  cond i t ions .  
I n  g e n e r a l ,  v a l u e s  o f  pd,max  on the f looded   sur face  are the same as 
those  on the damp s u r f a c e  f o r  similar test cond i t ions .  The s i m i l a r i t y  is per- 
haps due t o  t h e  fo l lowing  r easons .  F i r s t ,  the t e x t u r e  d e p t h  o f  t h e  f looded 
su r face  is approximately 25 percent  greater than t h a t  o f  t h e  damp su r face .  
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With a l l  t h e  test speeds  of  t h i s  program well below t h e  computed dynamic hydro- 
planing speed of  147 k n o t s  f o r  t he  tes t  t i r e  ( re f .  4 > ,  t h i s  d i f f e r e n c e  i n  s u r -  
face t ex tu re   shou ld  affect t i re  f r i c t ion .   Second ,   t he   f l ooded   su r f ace ,   because  
of  its water depth ,  induces  a s i g n i f i c a n t  f l u i d  drag on the  t i r e  whereas on t h e  
damp sur face  (no  s tanding  water) such drag can be cons ide red  neg l ig ib l e .  
S k i d d i n g  d r a g - f o r c e  f r i c t i o n  c o e f f i c i e n t . -  The skidding drag-force fric- 
t i o n  c o e f f i c i e n t  pd s k i d  developed by a l l  three t i res  is e s s e n t i a l l y  t h e  same 
as &,max a t  very  iow  ground  speeds  but decreases t o  somewhat l o w e r   l e v e l s  
a t  the  h igher  speeds .  Th i s  t r end  is noted a t  a l l  test  yaw angles  and on t h e  
d ry ,  damp, and  f looded  surfaces .   Values   of   pd,Skid  on t h e  f looded  Surface 
are g e n e r a l l y  s l i g h t l y  higher than  those  on t h e  damp s u r f a c e ,  p a r t i c u l a r l y  a t  
the  h ighe r  g round  speeds ,  appa ren t ly  fo r  the same r e a s o n s  i d e n t i f i e d  i n  t he  
preceding   sec t ion .  There are no s i g n i f i c a n t   d i f f e r e n c e s   i n  vd ,sk id  va lues  
between t h e  three test  tires d e s p i t e  d i f f e r e n c e s  i n  tread design and rubber 
con ten t .  
Maximum c o r n e r i n g - f o r c e  f r i c t i o n  c o e f f i c i e n t . -  S i n c e  no s ide f o r c e  i s  
developed when the t i r e  is unyawed, regardless o f  the su r face  cond i t ion ,  there 
are no maximum c o r n e r i n g - f o r c e  f r i c t i o n  c o e f f i c i e n t s  shown i n  f i g u r e  6 ( a ) .  
However, f i g u r e s  6 ( b )  t o  6 ( d )  show t h a t  t h e  effect  of  ground  speed  on pS,max 
developed by t h e  yawed t i r e  is dependent upon the  sur face  wetness  condi t ion .  
When the  su r face  is d ry ,  is r e l a t i v e l y   i n s e n s i t i v e   t os p e e d   a n d  
decreases o n l y  s l i g h t l y  w i t h  i n c r e a s i n g  speed;  whereas on the wetted s u r f a c e s  
a more r a p i d   d e t e r i o r a t i o n   i n  ps,max is observed as t h e  speed   increases .  
A t  h i g h  speeds,  t h i s  d e t e r i o r a t i o n  a p p e a r s  greater on the  f looded  than  on  t h e  
damp su r face .  No r e c o g n i z a b l e  d i f f e r e n c e  i n  t he  maximum corner ing- force  f r ic -  
t i o n  c o e f f i c i e n t s  is caused by t h e  tread rubber  composi t ions tested,  but  the 
a v a i l a b l e  data do sugges t  t h a t  t h e  convent iona l  tread pa t t e rn  (no  t r ansve r se  
g r o o v e s )  g e n e r a t e s  s l i g h t l y  h igher  f r i c t i o n  u n d e r  t h e  f looded  condi t ion  a t  t h e  
higher  speeds.  
Effect o f  Yaw Angle on F r i c t i o n  Characteristics 
The effect  o f  yaw ang le  on t h e  d rag - fo rce  and  co rne r ing - fo rce  f r i c t ion  
coef f ic ien ts  deve loped  by t h e  test tires under t he  three s u r f a c e  c o n d i t i o n s  a t  
nominal  ground speeds o f  5 and 100 knots  is i l l u s t r a t e d  i n  f i g u r e  7 where t h e  
data are again  taken  from table  I. The  two d r a g - f o r c e  f r i c t i o n  c o e f f i c i e n t s  
were a v a i l a b l e  o n l y  a t  a yaw ang le  o f  Oo on the  dry  sur face  because  of  t h e  
excess ive  wear which would r e s u l t  from braking a yawed t i r e  on a h i g h - f r i c t i o n  
s u r f a c e .  The data f o r  a11 three tes t  tires are faired by a s i n g l e  c u r v e  f o r  
each sur face  and  ground speed  condi t ion  which sugges t s  l i t t l e  or n o  d i f f e r e n c e s  
i n  t h e  f r i c t i o n  characterist ics o f  the  tires. 
Maximum d r a g - f o r c e  f r i c t i o n  c o e f f i c i e n t . -  The data o f  f i g u r e  7 i n d i c a t e  
tha t  t h e  maximum d r a g - f o r c e  f r i c t i o n  c o e f f i c i e n t s  pd,max are h ighes t  f o r  t h e  
unyawed t i re  and  gradual ly  decrease wi th  i n c r e a s i n g  yaw ang le  a l though  the  
decrease a t  the higher speed is less pronounced. The f i g u r e  a l s o  i l l u s t r a t e s  
t ha t  pd,max is greatest  when t h e  tires are o p e r a t i n g  on a d r y  s u r f a c e  a t  low 
speeds and t h a t  the effect of yaw-angle changes on that c o e f f i c i e n t  is essen-  
t i a l l y  t he  same for both wetness  condi t ions a t  e i ther  of  t h e  two speeds.  
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Figure  7 (a )  shows t h a t  v a l u e s  o f  l.ld,maX developed by a l l  three tires under 
f looded  condi t ions  are g e n e r a l l y  somewhat higher 'than t h e  cor responding  va lues  
obtained  under damp cond i t ions .  The higher pd,max v a l u e s   r e s u l t  from t h e  
f l u i d  drag and s u r f a c e  t e x t u r e  effects d i s c u s s e d  i n  the preceding  sec t ions .  
A t  100 k n o t s ,  t h e  v a l u e s  are approximately the  same f o r  a l l  yaw ang les  of t he  
test. 
Skidding  drag- force  f r ic t ion  coef f ic ien t . -  Values  of  the  sk idding  drag- 
force-t &j s k i d  developed by t h e  tes t  tires of  t h i s  program 
are shown i n  f i g u r e  7 t o  be o n i y  s l i g h t l y  affected by changes  in  yaw ang le  a t  
least up t o  12O, t he  maximum  yaw angle  examined. This  i n s e n s i t i v i t y  t o  yaw 
ang le  agrees wi th  the  r e s u l t s  o f  r e f e r e n c e  10 and suggests  t h a t  t h e  f o o t p r i n t  
of  t he  sk idding  t i r e  r e m a i n s  e f f e c t i v e l y  the same over  t h i s  range of yaw ang les .  
The f i g u r e  a l s o  shows that a t  the  lower yaw ang les ,  t h e  t i r e  w i t h  a convent ional  
tread p a t t e r n  ( t i r e  C )  genera l ly  deve lops  less s k i d d i n g  f r i c t i o n  t h a n  the  o t h e r  
t ires equipped wi th  t r a n s v e r s e  tread grooves.  The va lues   o f   pd , sk id  on the  
damp and f looded surfaces  a t  100 knots  are less than those developed on the  d r y  
surface  because  of  the  lubr ica t ion  provided  by t h e  presence  of  water. The 
f l u i d  drag and deeper s u r f a c e  t e x t u r e  make the  f looded  sur face  data s l i g h t l y  
higher than t h e  r e s p e c t i v e  damp su r face  data. 
Maximum c o r n e r i n g - f o r c e  f r i c t i o n  c o e f f i c i e n t . -  The maximum cornering-force 
f r i c t i o n  c o e f f i c i e n t  ps,max developed by t h e  three tires a t  a ground  speed 
of 5 kno t s  i nc reases  wi th  i n c r e a s i n g  yaw ang le  up t o  and including t h e  maximum . 
test yaw angle  on a l l  s u r f a c e s .  A t  100 knots ,  t h e  t r end  is the same; however, 
v a l u e s  a p p e a r  t o  reach a maximum a t  yaw ang les  wi th in  t h e  range tested. 
F i g u r e  7 ( a )  a l s o  shows t h a t  a t  low speed ,  wet t ing  t h e  s u r f a c e  has  only a s l i gh t  
effect  on us max. A t  high speed, on the  c o n t r a r y  ( f ig .  7 ( b ) ) ,  ps,max i s  
reduced  s ign ik i can t ly  w i t h  wetness.   Although  not  conclusive,   comparison  of t he  
corner ing  f r ic t ion  developed  be tween t h e  three test tires r e v e a l s  t h a t  t h e  
ps,max l e v e l  o f  the convent iona l  t i r e  C t e n d s  t o  be higher f o r  a l l  t e s t  
condi t ions .  
Tread-Wear Cons idera t ions  
During t h i s  experimental program, t i re  tread wear was a lso  moni tored  by 
measuring the depth  o f  each groove a t  severa l  pos i t ions  a round the t i re  circum- 
fe rence  a f te r  each braking  tes t .  When these va lues  are compared w i t h  t he  
i n i t i a l  d e p t h ,  the amount o f  tread wear can be determined. It was d i f f i c u l t  
t o  u s e  t h i s  in format ion  as a basis for comparison between the wear r e s i s t a n c e  
o f  each tire because the  tires were not  a l l  exposed t o  i d e n t i c a l  t e s t  condi- 
t i o n s  (e.g., speed ,  length  of  each brake cycle, and yawed r o l l i n g  d i s t a n c e ) .  
However, an  ind ica t ion  o f  the  r e l a t i v e  tread wear experienced by t h e  tires can 
be obtained by computing for  each t i r e  a wear index which is t h e  r a t i o  o f  t h e  
t o t a l  tread wear t o  the t o t a l  number of  brake cycles. The wear index computed 
for convent ional  product ion t i r e  C was 0.049 mm p e r  cyc le  (0.0019 i n .  pe r  
c y c l e ) .  The i n d e x  f o r  t i re  A was 113 percent of t he  index of  t h e  convent ional  
t i re ,  but  the  i n d e x  f o r  t i r e  B was only  42 percent  as great as t h a t  of t h e  con- 
ven t iona l  t i re .  Thus, these va lues  sugges t  t h a t  t h e  t i r e  w i t h  a blend  of  syn- 
thet ic  and na tu ra l  rubbe r  ( t i r e  B) e x p e r i e n c e d  s i g n i f i c a n t i y  less wear from 
brake cyc le s  than  tires wi th  a 100-percent  natural  rubber  tread. When only  t h e  
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unyawed braking test runs are c o n s i d e r e d  ( i n  o r d e r  t o  e l i m i n a t e  t h e  v a r i a b l e  
yawed r o l l i n g  d i s t a n c e ) ,  b o t h  tires A and B, equipped  wi th  t ransverse  grooves  
i n  t h e i r  tread, e x p e r i e n c e d  s i g n i f i c a n t l y  less  wear than  the  convent iona l  t i r e  
wi thout  t ransverse  grooves .  
CONCLUDING REMARKS 
A test program was conducted a t  the Langley a i rcraf t  landing  loads  
a n d  t r a c t i o n  f a c i l i t y  t o  e v a l u a t e  t h e  f r i c t i o n  characteristick o f  t h r e e  
30 X 11.5-14.5, t ype  V I I I ,  a i rcraf t  tires cons t ruc t ed  wi th  d i f f e r e n t  tread 
groove  pat terns   and  rubber  compounds. Two t i r e s ,  each  with molded t r a n s v e r s e  
g r o o v e s  i n  t h e  tread and having conventional and blended tread rubber  compo- 
s i t i o n s  were tested wi th  a convent ional  t i r e  wi thout  t ransverse  grooves .  The 
inves t iga t ion  cons i s t ed  o f  b rak ing  the  test tires f r o m  f r e e - r o l l  c o n d i t i o n s  t o  
locked-wheel s k i d s  on d ry ,  damp, and flooded runway s u r f a c e s  a t  nominal  ground 
speeds from 5 t o  100 knots  and a t  yaw angles  f rom Oo t o  12O. 
The r e s u l t s  f rom these tests i n d i c a t e  t h a t  no s i g n i f i c a n t  e f f e c t  on brak- 
i n g  a n d  c o r n e r i n g  f r i c t i o n ,  wet o r  dry ,  could  be a t t r i b u t e d  t o  d i f f e r e n c e s  i n  
t h e  tread des ign  o r  rubber  composition. The b r a k i n g  c a p a b i l i t y  o f  t h e  three 
tires decreased wi th  increased ground speed,  w i t h  inc reased  yaw angle ,  and ,  
a t  the higher speeds ,   wi th   increased   wetness   o f  the surface. The maximum 
c o r n e r i n g - f o r c e  f r i c t i o n  c o e f f i c i e n t s  d e v e l o p e d  by t h e  yawed tes t  tires 
decreased wi th  inc reased  speed ,  bu t  t h i s  effect  was less pronounced  on t h e  d r y  
su r face .  A t  the  5-knot  nominal  speed, t h e  maximum c o r n e r i n g - f o r c e   f r i c t i o n  
c o e f f i c i e n t  i n c r e a s e d  wi th  i n c r e a s i n g  yaw ang le  up t o  t h e  maximum t e s t  yaw 
ang le  on a l l  s u r f a c e s .  A t  t he  higher nominal   speeds  (up  to  100 knots) ,   however ,  
t h e  maximum c o r n e r i n g - f o r c e  f r i c t i o n  v a l u e s  a p p e a r e d  t o  peak a t  yaw a n g l e s  
wi th in  the  r ange  tested. 
A comparison of t h e  t o t a l  tread lo s s  as related t o  the number of brake 
cyc le s  fo r  each  t ire throughout the e n t i r e  t es t  program suggests t h a t  t h e  t i r e  
wi th  a b l end  o f  syn the t i c  and n a t u r a l  r u b b e r  e x p e r i e n c e d  s i g n i f i c a n t l y  less 
wear than t i res  w i t h  a 100-percent   natural   rubber  tread. The t i r e  tread lo s s  
a s s o c i a t e d  w i t h  on ly  the  unyawed braking tests ind ica t ed  t h a t  t h e  tires equipped 
w i t h  t r ansve r se  tread grooves experienced less wear than  the  convent iona l  t i r e  
wi thou t  t r ansve r se  tread grooves.  
Langley Research Center 
National Aeronautics and Space Administration 
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TABLE I.- SUMMARY OF FRICTION  COEFFICIENTS OBTAINED FOR VARIOUS  TEST  CONDITIONS 
:ire 
A 
B 
C 
Yaw 
w l e ,  
deg  
0 
0 
0 
0 
0 
4 
4 
4 
4 
4 
8 
8 
8 
8 
a 
12 
12 
12 
12 
12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
4 
4 
4 
4 
4 
8 
8 
8 
8 
8 
12 
12 
12 
12 
12 
0 
0 
0 
0 
0 
4 
4 
8 
8 
12 
12 
;peed 
:nots 
6 
30 
5 3  
75 
101 
"_ 
27 
51 
102 
4 
27 
52 
77 
102 
4 
26 
51 
101 
76 
5 
12 
5 
29 
15 
40 
62 
100 
101 
_" 
"_ 
23 
51 
102 
6 
29 
72 
53 
"_ 
"_ 
6 
29 
50 
76 
104 
8 
24 
52 
74 
102 
7 
101 
6 
98 
5 
102 
D r y  s u r f a c e  
Id, max 
0.62 
.48 
.52 
.46 
.48 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
0.60 
.62 
.54 
.54 
.63  
.50 
.41 
.43  
.50 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
0 . 6 3  
.60 
.51 
.52 
.42 
"" 
"" 
"" 
"" 
"" 
"" 
d ,   s k i c  
0 .62  
.37 
.22 
. I 9  
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
0.49 
.58 
.50 
.49 
.49 
.37 
.23  
.16 
.22 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
"" 
0.52  
.58 
.22 
.15 
.14 
"" 
"" 
"" 
"" 
"" 
"" 
3 ,  mal 
1 
1 
1 
I 
1 
"" 
.32 
.31 
.28 
.37 
.44  
.40 
. 4 1  
. 4 1  
.48 
.49 
.47  
.44 
.44 
"" 
3 
3 
3 
3 
3 
3 
3 
3 
3 
"" 
.32 
.31 
.32 
.43  
.44 
.44 
.42  
"" 
"" 
.52  
.49 
.47 
.44 
. 4 1  
0 
0 
0 
0 
0 
.39 
.37 
.51 
.48 
.57 
"" 
#peed ,  
nots 
6 
29 
52 
74 
100 
4 
26 
50 
100 
75 
4 
26 
51 
75  
100 
4 
25 
50 
74 
100 
5 
5 
10 
13  
28 
60 
38 
98 
96 
6 
22 
50 
100 
73 
6 
28 
51 
70 
100 
6 
28 
49 
74 
102 
8 
23 
50 
72 
99 
99 
7 
6 
96 
5 
100 
Damp s u r f a c e  
Id, mal 
0 .62  
.47 
.32 
.23  
"" 
.54 
.35  
.36 
.19 
.19 
.39 
.25  
.17 
.19 
. l l  
.38 
.21 
"" 
"" 
.09 
0.56 
.67 
.54 
.51 
.57 
.33  
.26 
.15 
.47  
.38  
.40 
.23  
.15 
.42 
.27 
.27 
.24 
.15 
.40 
.24 
.18  
.14 
. l l  
0.54 
.32 
.40 
.25  
"" 
"" 
.40 
. l l  
.39 
.12  
.36 
. l l  
Id, s k i d  
0 .62  
.26 
.18 
.12 
.54 
.31 
.31 
.17 
.12 
"" 
.38 
.24 
.13  
.09  
.07 
.37  
.18 
.16 
.07 
.05 
0 .54  
.54 
.43  
.47 
.30 
.12 
.27 
.10  
.46 
.36 
.31 
. l l  
.08 
.42 
. 23  
.14 
.12  
.08 
.39  
.22 
.14 
.08 
.04 
0.46 
.34 
.21 
. l l  
.07 
.37  
.04 
.38 
.05 
.36 
.O7 
"" 
s , max 
0 
0 
0 
0 
0 
.26 
.27 
.17  
.18 
.09 
.32 
.19 
.13  
.07 
.06 
.35  
.20 
. I 2  
.08 
. l l  
0 
0 
0 
0 
0 
0 
0 
0 
0 
.28 
.25 
. I 9  
.16 
. l l  
.35 
.22  
.14 
.15 
.06 
.34 
.26 
.16 
.16 
. I 3  
0 
0 
0 
0 
0 
.26 
.09 
.34 
.12  
.34 
. I 3  
p e e d ,  
nots 
6 
29 
51 
72 
97 
4 
25 
48 
71 
96 
4 
25 
49 
97 
72 
4 
23  
49 
71 
98 
5 
5 
11  
9 
27 
58 
38 
95  
94 
6 
20 
48 
70 
96 
26 
6 
49 
67 
97 
5 
26 
48 
70 
98 
a 
49 
22 
96 
70 
7 
97 
6 
92 
5 
96 
____ 
F l o o d e d   s u r f a c e  
Id, man 
~~ 
0.61  
.40 
.30 
. l l  
. 43  
.37 
. I 9  
.26 
.15 
.39 
.27  
.19 
.21 
.12 
.45  
.29 
.23  
.14 
. l l  
0.57 
.71 
.54 
.57  
.53  
.36 
.23  
.19 
. l l  
.54 
.41 
.30 
.19 
. I 3  
. 4 1  
.31 
.21 
. 23  
. 1 4  
.47 
. 33  
.20 
.13  
.08 
0 . 6 3  
.52 
.31 
.23  
.12  
.45 
. l l  
.47 
.13 
.44 
.10 
"" 
~ 
d ,   s k i c  
~ 
0.61 
.28 
.18 
.10 
.43  
.30 
.17 
.24 
. l l  
"" 
.38 
.24 
.14 
.12 
.09 
.44 
.24 
.18 
.12 
. I O  
0 .54  
.56 
.47 
.51 
.41 
.28  
.13  
.09 
.12 
.52  
.40 
.28  
.16 
.12 
.41 
.29 
.19 
.17 
. l l  
.46 
.32 
.16 
.10 
.06 
0 .46  
.50 
.24 
. I 3  
.07 
.40 
.07 
.46 
.08 
.43 
.08 
- 
~ 
__ 
s, max 
__ 
3 
3 
3 
3 
3 
.25 
.23  
.18 
.12  
.06 
.32 
.24 
.15 
.08 
.02  
.46 
. 1 4  
.21 
.06 
.02  
~ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
.30 
.28 
.21 
.10 
.02  
.37 
.24 
.19 
.10 
.02  
.30 
40 
.18 
.07  
.03  
~ 
0 
0 
0 
0 
0 
.28 
.10 
.43  
.10 
.41 
.09 - 
1 
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L-76-702.1 
(a)  Tire A :  100-percent natural  rubber tread with molded 
transverse  grooves. 
Figure 1.- Test tires. 
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L-76-958 
(b) Tire B: 30/70-percent synthetic/natural  rubber  tread 
with  molded  transverse  grooves. 
Figure 1.- Continued. 
11 
L-74-7402 
( c )  Tire C: Conventional tread (100-percent natural  rubber) 
without transverse grooves. 
Figure 1.- Concluded. 
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Figure 4.- Dynamometer instrumentation. 
L-77-376 
(a> Overall view. 
Figure 5.- Photographs of test runway surfaces used  in investigation. 
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( b )  Close-up view of test s u r f a c e  i n  d r y  b r a k e  c y c l e  area. 
( c )  Close-up view of test s u r f a c e  i n  damp brake  cyc le  area. 
( d )  Close-up view of test s u r f a c e  i n  flooded brake  cyc le  area. 
F igu re  5.- Concluded. 
L-77-377 
T i  r e  
O A  
O B  
o c  
- DRY r DAMP 
.2 - 
0 1  1 I I I - 
.8 
.6 
r 
I I I J 
r 
To FLOODED 
r 
0 40 80 120 0 40 80 120 0 40 80 120 
Ground speed, knots Ground speed, knots Ground speed,  knots 
Figure 6.- Effect of ground speed on f r i c t i o n  c h a r a c t e r i s t i c s  o f  t h r e e  t es t  t i res  opera t ing  
a t  var ious  yaw angles  on dry ,  damp, and flooded surfaces.  
T i  re  
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(b) Yaw angle = 4O. 
Figure 6.- Continued. 
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Figure 7.- Effect of yaw angle on friction characteristics of three test tires operating 
at  two nominal ground speeds on dry, damp, and flooded surfaces. 
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